Classification of antineoplastic agents by their selective toxicities toward oxygenated and hypoxic tumor cells.
The cytotoxicities of a number of antineoplastic agents to oxygenated and hypoxic EMT6 mouse mammary tumor cells in culture were examined. Based on the relative sensitivities of cells under aerobic and hypoxic conditions, drugs were placed into three categories. Drugs that were preferentially toxic to cells under oxygenated conditions were classified as type 1 agents; this group includes bleomycin, procarbazine, streptonigrin, actinomycin D, and vincristine. Type 2 agents were those preferentially toxic to cells under hypoxic conditions. These include mitomycin C and Adriamycin. On the basis of other published reports, the glucose analogs, 5-thio-D-glucose and 2-deoxy-D-glucose, and the radiosensitizers, misonidazole and metronidazole, can also be placed in this category. Several antineoplastic agents showed no major preferential toxicity to cells under the conditions of oxygenation or hypoxia used in these experiments and were placed in a third class. This group (type 3) includes 1,3-bis(2-chloroethyl)-1-nitrosourea, 1-(2-chloroethyl)-3-cyclohexyl-1-nitrosourea, cis-diamminedichloroplatinum(II), 5-fluorouracil, and methotrexate. The success of many combination chemotherapy and combined modality treatments may be due to their ability to kill both the hypoxic and aerobic cell populations of solid tumors. Future chemotherapeutic regimens for the treatment of solid tumors should include agents and modalities directed toward the hypoxic cell population of the tumor, as well as toward the proliferating and nonproliferating tumor cell compartments; a therapeutic approach to the selection of antineoplastic agents for use in combination based upon physiological considerations of the architecture of solid tumors is presented.